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(54) A METHOD OF MAKING S EMICOMDUCTOR DEVICES 



(71) We, HITACHI LTD., a Japanese 
Body Corporate, of 5 — 1, 1-Chome, Marun- 
ouchi, Chiyoda-ku, Tokyo, Japan, do hereby 
declare the invention, for which we pray that 
5 a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the follow- 
ing statement: — 
The present invention relates to a method 

10 of manufacturing semiconductor devices. 

It is well known that, in the fabrication 
of semiconductor devices, especially, those 
made of a silicon substrate, an insulating film 
of silicon dioxide, silicon nitride, lead glass, 

15 phosphorus glass or the like is formed on the 
surface of a semiconductor substrate in order 
to stabilize or control the electrical character- 
istics of the semiconductor devices. Particu- 
larly, the silicon dioxide film is used most 

20 often since it is comparatively easy to form 
in the case where the semiconductor substrate 
on which it is formed is made of silicon, and 
besides it is highly water-proof. 
In forming a silicon dioxide film, it is 

25 customary in most cases to heat the silicon 
substrate in oxygen or water vapor at the 
temperature of 1000° C. to 1200° C, so that 
the surface of the silicon substrate is oxidized 
to form a silicon dioxide film on it. The 

30 silicon dioxide film thus formed, however, 
contains Na and other contaminating ions, 
and, what is more, negative charges are in- 
duced in the surface of the silicon substrate 
directly below the silicon dioxide film due to 

35 the structural disorder in the boundary be- 
tween the silicon and the silicon dioxide. 
When the silicon dioxide film is 1 p. or less 
in thickness, negative charges as many as 10 11 
to 10 12 /cm 2 are induced in the surface of 

40 the silicon substrate as the result of the for- 
mation of the silicon dioxide film. Because 
of the negative charges thus induced, the sur- 
face of a silicon substrate of an N conduction 
type directly under the silicon dioxide film 

45 is made higher in the degree of N conduc- 
tion. On the other hand, if the substrate is 
[Price 25p] 



made of silicon of P conduction type, an 
N-type inversion layer with the resistivity of, 
say, 0.5 <Qcm or 4 Ocm is formed directly 
under the silicon dioxide thin film by the 50 
induced negative charges of 10 12 /cm 2 or 
lO'Vcm 2 respectively. This N-type inversion 
layer or the region in which the amount of 
the induced negative charges is made ex- 
tremely high due to the silicon dioxide film 55 
is called an N-type channel in the semi- 
conductor industry. The MOS field effect 
transistor is known as a semiconductor device 
that takes advantage of this N-type channel 
effectively. 60 

Since the above-described high-tempera- 
ture oxidization method for forming an Si0 2 
film inconveniently requires a high tempera- 
ture for heat treatment and enables the SiO a 
film to grow only at low speed, low-tempera- 65 
ture treatment methods of various kinds are 
widely used to form an Si0 2 film in the 

manufacture of mregrated-_iarcuite — In one -=r; 

of such methods, an (organic silane, say, 1 
Si(C2H,0) 4 is mermaUy^asjmposed at the 70 J 
temperature of 150° C. to 800° C, while in 
another method a mixture of monosilane 
(SiH^) and oxygen is reacted at the tem- 
perature of 280° C. to 400° C. Still another 
method is a high-frequency sputtering using 75 
silica as a target. Of the above-mentioned 
three methods, the first two are grouped under 
a category of the vapor-phase reaction method, 
while the last of them is referred to as the 
direct-deposition method, the former being in 80 
use more widely than the latter. 

The vapor-phase reaction method is applic- 
able to the formation of an insulating film 
on the substrate not only of Si0 2 but other 
substances. For example, a film of Si 3 N 4 may 85 
be formed on the surface of a semiconductor 
by reacting an SiH 4 — NHa mixture at the 
temperature of 800° C. to 1000° C The 
vapor-phase reaction method finds applica- 
tion also where a thin film containing no SO 
AloO- or silicon is wanted to be formed on 
silicon or where the substrate is made of a 
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different kind of semiconductor crystal such 
as Ge, GaAs or InSb. The insulating films 
including an SiCL film formed by the vapor- 
phase reaction method also induce electrons 

5 in the surface of the semiconductor under 
the films, the protective film formed at a low 
temperature by the vapor-phase reaction 
method generally developing a higher con- 
centration of induced electrons in the surface 

10 of the substrate than the high-temperature 
oxidization method. 

Apart from a semiconductor device such as 
the MOS field effect transistor, a surface 
region or channel with a high density of in- 

15 duced electric charges thus formed has a bad 
effect upon the electrical characteristics of 
the PN junction formed in the semiconductor 
substrate of a diode, transistor or integrated 
circuit In other words, leakage currents of 

20 the PN junction are increased or the reverse 
breakdown voltage thereof is decreased. 
Therefore, it is generally more desirable that 
less electrons are induced in the surface of 
die substrate. 

25 The high-temperature oxidization method 
of forming an SiO = film is fundamentally 
different from the vapor-phase reaction 
method in that, in the vapor phase reaction 
method, the surface of the substrate is not 

30 consumed but maintains the original condi- 
tion with a film being " laid " on the sub- 
strate, while, in the high-temperature 
oxidization method, the boundary between 
the film and the substrate moves gradually 

35 inwards from the surface of the substrate as 
it is oxidized. As a result, in the high-tempera- 
ture oxidization method, the surface of the 
silicon substrate in the boundary between Si 
and SiO r is always kept clean. By contrast, 

40 according to the vapor-phase reaction method, 
the surface condition is maintained in the 
original state and therefore the characteristics 
in the boundary largely depend on the treat- 
ment of the surface of the substrate immedi- 

45 ately before depositing the insulating film on 
the substrate. 

According to the present invention there 
is provided a method of manufacturing semi- 
conductor devices with an insulating film on 

50 the surface of a semiconductor substrate, 
wherein the surface of the semiconductor sub- 
strate is treated with an alkali solution im- 
mediately before depositing the insulating film 
on the surface of the semiconductor substrate 

55 in order to control the surface charge on the 
semiconductor substrate. 

By the method in accordance with the pre- 
sent invention it has been found that by treat- 
ing the surface of the substrate with an 

60 alkali solution which may include an oxidiz- 
ing agent that the amount of induced nega- 
tive charges is significantly reduced and in 
some cases positive charges are induced. 
Although the reason why this happens is un- 

65 known to us. 



It is known that NH, molecules adhered 
to the surface of a semiconductor induce posi- 
tive charges in it. In an embodiment of the 
present invention, the substrate is subjected 
to the reaction by the vapor-phase reaction 70 
method after boiling it in an alkali solution 
containing an oxidizing agent and then it is 
heated to the temperature of several hundred 
degrees centigrade. 

In embodying the present invention, there- 75 
fere, it is necessary to transfer to the step 
of fonning the insulating film immediately 
after the formation of such a film, without 
going through any process for destroying the 
film. This is because me results of laboratory 80 
tests show that the effect of the ammonia 
treatment, that is, the effect of reduction in 
the amount of induced negative charges is 
completely lost if, after the ammonia treat- 
ment, the substrate is boiled in rich nitric 85 
acid and an Si0 2 film is deposited on it as 
usual. The effect of the ammonia treat- 
ment, however, shows a considerable resist- 
ance to heat and this effect is evidently pre- 
served after the reaction of monosalane and 90 
between SiH i and NH 3 to form an SiO. fit™ 
and a silicon nitride film respectively at the 
temperatures of 300° C and 800° C to 
900° C In the case of the SiO« film, the 
initial effect of ammonia treatment is re- 95 
rained even after the heat treatment at 
1000° C. which has been effected following 
the depositing of the SiO = film. 

The present invention further provides a 
method of manufacturing insulated gate field 100 
effect transistors, comprising the steps of 
forming source and drain regions at a pre- 
determined distance from each other of the 
insulated gate field effect transistors by add- 
ing to the surface of a semiconductor sub- 
strate impurities of a conductive type oppo- 
site to that of the substrate, exposing the 
portions of the surface of the semiconductor 
substrate between the source and drain re- 
gions to an alkali solution, and depositing a U0 
gate insulating film on the portions of the 
surface of the semiconductor substrate be- 
tween the source and drain regions, the amount 
of charges induced in the portion of the sur- 
face of the semiconductor substrate directly 115 
under the gate insulating film being reduced 
to a predetermined level by the exposure to 
the solution. 

The present invention also provides a 
method of manufacturing semiconductor de- 120 
vices, comprising the steps of forming the 
source and drain regions of a first insulated 
gpxe field effect transistor in a main surface 
of a semiconductor substrate, forming the 
source and drain regions of a second insulated 125 
gate field effect transistor at a predetermined 
distance from the first insulated gate field 
effect transistor, and forming first and second 
insulating films respectively on the portions 
of the semiconductor substrate between the 130 
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source and drain regions of the first and second 
insulated gate field effect transistors; the por- 
tion of the semiconductor substrate between 
the source and drain regions of the first in- 

5 sulated gate field effect transistor being treated 
with an alkali solution immediately before 
depositing the first insulating film on the sur- 
face of the semiconductor substrate. 

Further according to the present invention 

10 there is provided a method of manufacturing 
semiconductor devices, comprising the steps 
of forming the source and drain regions of 
first and second MIS field effect traansistors 
respectively in a main surface of a semicon- 

15 ductor substrate, treating the portion of the 
surface of the semiconductor substrate between 
the first and second MIS field effect tran- 
sistors with an alkali solution, and depositing 
an insulating film on the surface of the semi- 

20 conductor substrate. 

Yet further according to the present inven- 
tion there is provided a method of manufac- 
turing semiconductor devices, comprising the 
steps of forming the source and drain regions 

25 of an N + conduction type of first and second 
MIS field effect transistors by selectively 
introducing N-rype impurities into the sur- 
face of a silicon substrate of P conduction 
type, treating the surface of the substrate 

30 with an alkali solution, forming an Al 2 O a 
film on the portion of the surface of the 
silicon substrate between the first and second 
MIS field effect transistors, and forming an 
Si0 2 film on the gate regions of the field 

35 effect transistors. 

The present invention will now be ex- 
plained and described, by way of example, 
with reference to the accompanying draw- 
ings, in which: 

40 Fig. 1 is a graph based on tests conducted 
for showing the amount of charges induced 
in the surface of a semiconductor substrate 
when it is treated in an aqueous solution 
containing ammonia; 

45 Fig. 2 is a diagram showing a longitudinal 
section of a metal oxide semiconductor element 
(called a MOS diode) employed in the tests 
in connection with the graph of Fig. 1; 

Fig. 3 shows how the amount of the in- 

50 duced charges changes when H 2 0 2 is added 
to the alkali solution; 

Figs. 4 to 9 are diagrams showing longi- 
tudinal sections of an insulated gate field 
effect transistor in the process of manufacture 

55 by a method in accordance with the present 
invention; 

Fig. 10 is a graph showing the results 
of measurement of the transconductance of 
the IGFET of Fig. 9; 
60 Fig. 11 is a diagram showing electrical 
characteristics of an IGFET fabricated in 
accordance with another embodiment of the 
present invention; 

Figs. 12 to 17 are diagrams showing the 



longitudinal sections of a complementary 65 
MOS FET fabricated in accordance with still 
another embodiment of the present invention; 

Figs. 18 to 24 are diagrams for explain- 
ing still another embodiment of the present 
invention and show the process of fabricating 70 
MOS FET's isolated from each other; 

Figs. 25 to 32 are diagrams showing longi- 
tudinal sections of a semiconductor device for 
explaining still another embodiment of the 
invention; 75 

Figs. 33 to 40 show longitudinal sections 
of a semiconductor device for explaining still 
another embodiment of the present invention; 

Figs. 41 to 45 are diagrams for explaining 
still another embodiment of the present in- 80 
vention; and 

Fig. 46 is a graph showing the relation be- 
tween the amount of positive charges induced 
in the surface of a semiconductor substrate 
when an aluminum silicate glass film is de- 85 
posited on it and the amount of A1 2 0 3 con- 
tained in the film. 

Embodiment 1 

This embodiment concerns an experiment 
in which the effect of treatment of the sub- 90 
stratc in an alkali solution is actually studied. 
An NHUOH solution is used in the following- 
described embodiment, but it is confirmed 
that the same effect is obtained with other 
alkali solutions such as NaOH or KOH. 95 

A plurality of N-conduction type silicon 
substrates with the resistivity in the order 
of 100 Ocm and with the main surface in 
the (111) plane are formed by means of a 
well-known semiconductor technique. Such 100 
specimens are divided into three groups and 
each group of specimens is treated in the 
manners as mentioned below. 

(A) The surface of the specimens is 
treated with an etching solution consisting 105 
of HF and HNOj in the ratio of 2 to 3 

in volume. ____ 

(B) The specimens, after . the" treatment - 
(A), are treated for 5 minutes in a boiling 
solution composed of NH^OH, H £ fe and H 2 Q 110 
in the ratio of 3 to 3 to 7 in volume. 

(C) After the treatments (A) and (B), 
the specimens are treated in rich boiling nitric 
acid for 10 minutes. 

As scon as the above-mentioned three 115 
stages are completed, the specimens are placed 
in a furnace for heat treatment, in which 
the specimens are heated to the temperature 
of 300° C. while a gas mixture of SiH» and 
0- in the ratio of 1 to 5 is introduced with 120 
nitrogen as a carrier gas. Thus, an Si0 2 film 
is deposited on the surface of the specimens. 
After the Si0 2 film becomes as thick as 
5000A, electrodes of Al 0.6 jl thick are de- 
posited by evaporation on predetermined por- 125 
tions of the Si0 2 film in a well-known 
vacuum-depositing furnace, whereby what is 
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called an MOS diode is obtained. Studying density of electric charges direcdy under the 
the relationship between the capacitance and SiCV. film was measured with the following 5 
the applied voltage of this MOS diode, the results: 



Specimens 


Density of Surface Charges 


Specimens through treatment (A) 


4.0 X 10 l 7cm 2 to 4.8 X lO^/cm 2 


Specimens through treatment (B) 


-0.9 x lO^/cm 2 to -2 X lO^/cm 2 


Specimens through treatment (C) 


1 x lO^/cm 2 to 1 .4 x 10^/cm 3 



It will be seen from this table that the 
polarity of the surface charges which went 

10 through treatment (B) is reversed in com- 
parison with those through treatments (A) 
and (C), showing that positive charges are 
created at the silicon side of the specimens 
through treatment (B). This is a phenomenon 

15 which has never been discovered before. In 
other words, in any of the conventional 
methods of forming an oxide film, the layer 
of electric charges induced by the formation 
of the oxide film is one of electrons, whereas 

20 if the surface of a semiconductor is treated 
with an ammonia solution immediately before 
depositing an oxide film on it, the layer of 
electric charges under the oxide film is trans- 
formed into one of positive holes, thus form- 

25 ing a p-type channel. 

In the next place, the specimens with an 
SiQ.j film deposited on their surfaces through 
treatment (B) were heated for 10 minutes in 
N ; or Ar at the temperature of about 950° C. 

30 Then, the density of surface charges was 
found to be zero. This shows that not only 
is it possible to adjust the density of electric 
charges in the P channel by a subsequent 
heat treatment but the effect of treatment 

35 (B) can be maintained well through the heat 
treatment at a high temperature of 950° C. 
which lasts as long as 10 minutes. As is clear 
from the results of treatment (C), the treat- 
ment (B) is effective when it is done immedi- 



ately before the formation of the film. 40 

Embodiment 2 

As in embodiment 1, a plurality of N-type 
silicon substrates with the resistivity of 100 
ileal are prepared. In depositing an Si 3 N 4 
film on their surfaces by the vapor-phase re- 45 
action between SiH 4 and NH 3 , the silicon 
wafers are divided into three groups immedi- 
ately before the deposition of Si 3 N 4 , and the 
three groups of silicon wafers are treated in 
the following-described three different ways: 50 

(A) the wafers are etched at their sur- 
faces with an etching solution consisting of 
HF and HNO a in the ratio of 2 to 3 in 
volume. 

(B) The surfaces of the semiconductors are 55 
treated for 6 seconds in a boiling solution 
composed of NH4OH, H 3 0 2 and H 2 0 in the 
ratio of 3 to 3 to 7 in volume. 

(C) The surfaces of the semiconductors 

are treated for 100 seconds in a boiling solu- 60 
tion composed of NHjOH, H 2 O c and H = 0 
in the ratio of 3 to 3 to 7 in volume. 

After the above-mentioned treatments, an 
Si 5 N 4 film is formed and then, as in embodi- 
ment 1, eelctrodes of Al are deposited to 65 
form MIS (Metal Insulator Semiconductor) 
diodes. The density of electric charges 
created in their surfaces is shown in the 
table below. 



Specimens 


Density of Surface Charges 


Specimens through treatment (A) 


2.1 x 10 12 /cm 2 


Specimens through treatment (B) 


1.6 x 10 ls /cm 2 


Specimens through treatment (C) 


4 x 10 u /cm s 



As can be seen from above, the longer 
the specimens are treated in an ammonia 
solution, the more the density of charges in 
an N-type channel is reduced. In the com- 



bination of Si and Si-N 4 , however, the channel 75 
was not transformed from N to P type, 
no matter how long it is treated in the 
ammonia solution. The reason seems to be 
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that more electrons originally exist in the 
surface of the silicon substrate in the com- 
bination of Si and Si 3 N^ than in the Si — Si0 2 
combination and the treatment in the am- 
5 monia solution is not effective enough to re- 
move all the electrons. 

Embodiment 3 

Fig. 1 shows the results of our study as 
to how the amount of positive charges induced 

10 in the substrate surface when it is treated 
in an alkali solution changes in accordance 
with the concentration of the alkali solution. 

In this figure, the curved line la shows 
the results of our study, based on the capacit- 

15 ance- voltage characteristic of the MOS 
element involved and with the amount of 
NHjOH in the solution as a variable, of 
the voltage V FB (flat band voltage) impressed} 
on the metal film to cancel the electric charges 

20 induced in the surface of the silicon substrate. 
In this case, a P-type silicon substrate 1 (Fig. 
2) with the resistivity of 1 ilem, after being 
immersed for 10 minutes in an 80°C solu- 
tion consisting of NHiOH and H 2 0, is dried 

25 and an SiO s film 2 5000A thick is deposited 
on its surface by thermal decomposition of 
silanc. This is followed by the formation of 
AI electrodes 3 and 4 by plating or evapor- 
ation thereby to produce an MOS element as 

30 shown in Fig. 2, 

It will be understood from this figure that 
the charges induced in the surface of the 
silicon substrate are of positive type and their 
amount is increased with the amount of 

35 NH,OH. Similar results are obtained also 
when the substrate is treated in other alkali 
solutions including those of hydrazine and tri~ 
niethylammonium hydroxide, or when other 
semiconductors such as Ge, GaAs, InSb and 

40 GaAsj^P* are involved. 

The curved line lb of Fig. 1 shows the 
results of our study made to know how the 
amount of induced positive charges is affected 
when the specimen as shown in Fig. 2 is 

45 heated to the temperature of 800° C. in an 
atmosphere of nitrogen and thereby the den- 
sity of the SiO, film deposited on the sub- 
strate surface is increased. It is noted thar 
the heat treatment has an effect upon the 

50 amount of induced positive charges. Especi- 
ally when the silicon substrate is heat-treated 
at the temperature of 1000° C or more in an 
oxidizing atmosphere, its surface is oxidized 
and the thin layer formed irt the boundary 

55 between SiO a and Si by the alkali solution 
disappears, thus losing the effect of treat- 
ment in the alkali solution. 

Embodiment 4 

The method according to this embodiment 
60 consists in controlling the amount of induced, 
positive charges in the semiconductor surface 
by adding to the alkali solution an oxidizing 
agent such as a hydrogen peroxide solution. 



By treating the semiconductor substrate with 
this alkali solution containing oxidizing agent, 65 
a semiconductor is obtained which has an 
electrically stable surface with its flat band 
voltage Vn, zero or in the vicinity thereof. 
Further, the flat band voltage V ra can be 
made negative by setting the mixture ratio 70 
at a predetermined level. This process will 
be explained below in more detail with refer- 
ence to the present embodiment- 
First, explanation will be made of a case 
in which a hydrogen peroxide solution is 75 
added to ammonia water. After ultrasonic 
cleaning of a semiconductor substrate by 
means of an organic solvent such as alcohol, 
the surface of the substrate is cleaned with 
a mixture solution consisting of ammonia 80 
water and hydrogen peroxide added to it. 
Then an Si0 2 film is formed on the surface 
by the chemical vapor deposition (CVD) 
method. After that, for example, an MOS 
diode is made by conventional semiconductor 85 
techniques and its flat band voltage Vn, is 
measured by a predetermined measuring tech- 
nique. 

The relationship between the flat band volt- 
age V PE and the weight percentage of the 90 
hydrogen peroxide solution in this case is 
shown in Fig. 3. These characteristic curves 
are the results of a laboratory test conducted 
according to a specified measuring technique 
in connection with an element with its sub- 95 
strate cleaned with a solution containing 14% 
ammonia and hydrogen peroxide added to it- 
It will be noted from curve 3a that it is 
possible to reduce the flat band voltage V^j 
or it can be made negative by varying the 100 
amount of the hydrogen peroxide. 

Incidentally, the fact that the flat band volt- 
age is zero means the possibility of improve- 
ments in the characteristics such as reduced 
leakage currents and a higher breakdown volt- 105 
age in the PN junction. 

The broken line 3b' shows a case in which 
the specimen in connection of which curve 3 a 
is obtained is heated to 800° C in a nitrogen 
atmosphere. 110 

Embodiment 5 

Explanation will be made now of the treat- 
ments as they are applied to the fabrication 
of a semiconductor device. Processes of manu- 
facturing P-channel depletion type field effect 115 
transistors are shown in Figs. 4 to 9. For 
convenience of illustration, the essential parts 
are enlarged. 

In the figures, the reference numeral 10 
shows an N-conduction type silicon substrate, 120 
on the surface of which is deposited an SiO s 
film 11 by thermal decomposition of mono- 
silane. Apertures 12 and 13 are created by 
photo-etching the predetermined parts of the 
Si0 2 film and then P-type impurities of boron 125 
are diffused through the apertures in an im- 
purities diffusion furnace. Numerals 14 and 
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15 show P-type impurity-diffused regions thus 
formed, which respectively constitute source 
and drain regions of a MOS field effect tran- 
sistor which will be described later. After 

5 that, the rest of the Si0 2 film on the surface 
of the semiconductor substrate is completely 
removed by etching. Fig. 6 shows the semi- 
conductor substrate after the removal of the 
SiO^ film. As the next step, the surface of 

10 the substrate is treated for several minutes 
in a boiling mixture solution of NH4OH and 
H 2 0. It is then heated to about 300° C 
in a gas mixture of SiH, and O s with N = as 
a carrier gas thereby to form an Si0 2 film 

15 16 500A thick on the surface of the silicon 
substrate. As was explained with reference to 
embodiment 1, positive charges are induced 
on the surface of the semiconductor substrate 
under the Sn0 2 film 16 and thereby a P- 

20 type channel 17 is formed between a source 
region 14 and a drain region 15. The density 
of the charges in this channel is capable of 
being controlled, as desired, by varying the 
temperature at which the substrate is treated 

25 :n the ammonia solution, its composition and 
the time for which the substrate is heated 
r.fter the formation of the Si0 2 film. In 
order to reduce to 10OOA the thickness of the 
SiCV. fiLm 16 on the portion of the channel 

30 17 between the source and drain regions, the 
Si0 2 film 16 is selectively etched with the 
aid of photo resist. Numeral 18 in Fig. 8 
shows the portion of the SiO« film thus selec- 
tively etched. This SiOo film functions as a 

35 gate insulator film of an isolated gate field 
effect transistor. Next; the portions of the 
SiO- film above the source region 14 and 
the drain region 15 are selectively removed 
by photoetching and aluminium is deposited 

40 on the whole surface of the element, where- 
upon the portions of aluminium except those 
corresponding to the source and drain regions 
and the gate electrodes 19, 20 and 21 are 
removed by photoetching thereby to form 

45 a MOS field effect transistor. 

An electrical characteristic of the MOS 
field effect transistor thus produced is shown 
in Fig. 10, in which the characteristic of a 
transistor produced by a different treatment 

50 from that in aaccordance with the present 
invention is also shown for comparison. The 
curve 10a shows the trans ductance of the con- 
ventional MOS field effect transistor not 
treated in an alkali solution, while curve 

55 10b indicates that of the MOS FET treated 
in an alkali solution. 

As is clear from the drawing, a great 
amount of positive charges are induced in 
the surface of the Si substrate directly under 

60 the gate insulating film. In addition, the 
transistor as shown in Fig. 9 possesses im- 
proved characteristics with its g™ increased. 

Most of the conventional MOS field effect 
transistors are of an N-channel depletion type 

65 and arc easy to manufacture. Ranking next 



are those of the P-channcl enhancement type 
and an N-cfaannel enhancement type, with a 
very small amount of transistors of P-channel 
depletion type being manufactured. This is 
attributable to the fact that in the ordinary 70 
method of manufacturing transistors with the 
Si — Si0 2 combination, an N-type channel 
develops in me substrate surface and it is easy 
to manufacture those transistors in which cur- 
rents between the source and drain regions arc 75 
controlled in accordance with the degree of 
disappearance of the N-type channel by means 
of a voltage applied to their gates. 

Embodiment 6 

The surface of the semiconductor substrate 80 
employed in the method of embodiment 5 
is treated in this embodiment with a mixture 
of ammonia water, hydrogen peroxide and 
water in the ratio of 1 to 1 to 2 in volume, 
and further the density of the MOS field 85 
effect transistor is increased in a nitrogen 
atmosphere at 800° C 

The electrical characteristics of the MOS 
field effect transistor formed by the above- 
mentioned treatment are shown in Fig. 11. 90 
The curved line 11a indicates that this tran- 
sistor is of P channel depletion type. The 
curved line lib shows the characteristics of 
a Transistor according to this embodiment in 
which the semiconductor substrate is of P 95 
type and the source and drain regions are 
formed by diffusion of N-type impurities, 
thus producing a transistor of N-channel 
enhancement mode. 

Embodiment 7 100 

This embodiment is concerned with a 
method of rnanufacturing semiconductor de- 
vices in which MOS transistors of both 
enhancement and depletion types are formed 
on the same semiconductor substrate by 105 
treating it with different solutions. A higher 
switching speed is obtained by a combination 
of MOS field effect transistors of enhance- 
ment and depletion types in a MOS integrated 
circuit. For example, if a depletion-type MOS 110 
field effect transistor is used as a load of an 
enhancement-type MOS field effect transistor, 
the switching operation of the circuit becomes 
much faster than if a resistor is connected 
as the load. Therefore, it is desirable that 115 
MOS field effect transistors of both enhance- 
ment and depletion types be combined on the 
same semiconductor substrate. 

Positive charges can be induced in the 
surface of a semiconductor substrate directly 120 
under a gate insulating film and therefore it 
is possible to form a combined MOS field 
effect transistor of both enhancement and 
depletion types (called a complementary MOS 
field effect transistor) on the same semicon- 125 
ductor substrate by inserting a process of 
the treatment in accordance with the present 
invention in the middle of the process for 
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manufacturing one type of the MOS field 
effect transistors. The processes of manufac- 
turing the complementary MOS field effect 
transistor are illustrated in Figs. 12 to 17. 

5 Fig. 12 is a sectional view of the comple- 
mentary MOS field effect transistor wherein 
the source region 32 and the drain region 33 
are farmed by impurity diffusion in die P- 
type silicon substrate 30 with an SiO* layer 

10 31 about 5000 a thick as a mask. After re- 
moving the Si0 2 layer 31 by means of hydro- 
fluoric acid as shown in Fig. 13, the silicon 
substrate 30 is treated in a solution con- 
sisting of H 2 0 2 , NH.jOH and H 2 0 in the 

15 ratio of 1 to 1 to 2 in volume, and then it 
is cleaned wi^ ;: ^atjCMP--ftad— tlriedL Referring 
to Fig. 14j^ aS^SiO^-layer 34 thick as 
2000A is deposited on the substrate by oxidiz- 
ation of nionosilane (SiHj) and then a part 

20 of the Si0 2 layer is etched to the thickness 
of 1500A to form a recess 35, while an 
aperture 36 is created at another part thereof 
by photoetching. The surface of the silicon' 
substrate exposed through the aperture 36 

25 is treated with HNO a then washed with water 
and dried. 

Processes of depositing another Si0 2 layer 
and a p}psphoius-glas$_J&ypT are shown in 
Fig. 15. 1;he SiO g laye r 37 as^ thick as 2000A 

30 is deposited~~B^Tiie*^oxicli2ation: of SiH*. The 
portions 38 and 39 of this layer are etched 
off by about 1500A. After that, the phos- 
phorus glass layer 40 as thick as lOOfti. is 
formed with PH 3 (phosphine) and SiH*. In 

35 order to improve the electrical stability of 
the phosphorus glass layer 40, this element 
is heated for 10 minutes at 900° C. and then, 
as shown in Fig. 16, apertures 41 and 42 
are formed by photoetching to provide source 

40 and drain electrodes. 

Fig. 17 shows the processes of forming the 
electrodes, A layer of conductive material such 
as aluminium is deposited to the thickness 
of 50Q0A by a well-known method of vacuum 

45 deposition with the aid of a mask, thereby 
forming a gate dectrode 43, a source elec- 
trode 44 and a drain electrode 45. Thus, as 
shown in the drawing, the enhancement type 
MOS field effect transistor (A) and the de- 

50 pletion type MOS field effect transistor (B) 
are formed on the same silicon substrate 30. 

In this embodiment, the element is treated 
first with an alkali solution and then with 
an acid solution (HN0 3 ), and it is needless 

55 to say that the order of the processes may 
be reversed without any disadvantages. 

The meausrement of the flat band voltage 
V Fn after the above-mentioned two treatments 
of the P-type silicon substrate and the de- 

60 position of an StO- layer on it shows that 
Vi?ii<0 for the substrate cleaned with an 
HNO.. solution, indicating the conversion to 
N type, while V>0 for the substrate treated 
with an alkali solution, indicating no proof 

65 of conversion to N type. On the other hand, 



when the P type silicon substrate is first 
treated with the HNO- solution and then 
with the alkali solution, the amount of induced 
charges N TO is reduced, for example, from 
8 X lG^cm- 2 to -4 X 10"cm~ 2 . (where 70 
plus signs show negative charges, and minus 
signs positive charges.) This indicates that 
N PB can be controlled by the solutions for 
treatment 

As can be seen from the foregoing detailed 75 
description, this embodiment employs two 
different solutions to treat the silicon sub- 
strate. The processes are so simple that MOS 
field effect transistors of both enhancement 
and depletion types cpn be formed on the 80 
same semiconductor substrate. Further, this 
embodiment is different from the conven- 
tional methods in that, in this embodiment, a 
gate insulating layer which is made of only 
SiO« is easy to form, the element is more 85 
stable electrically with a phosphorus glass 
layer deposited on it, and K PB can be varied 
extensively in accordance with the composi- 
tion and concentration of the solutions. Because 
of these advantages over the conventional 90 
methods, this embodiment is expected to prove 
of great value in industrial application. 

Embodiment 8 

Embodiments hereafter described are con- 
cerned with electrical isolation between a 55 
plurality of MOS field effect transistors on 
the surface of the same semiconductor sub- 
strate by utilizing the positive charges in- 
duced in it by an alkali treatment. The iso- 
lation between MIS field effect transistors is 100 
very important in the manufacture of MIS 
IC's and MIS LSl's. (The word MIS means 
a metal insulator semiconductor and usually 
induces an insulation gate type field effect 
transistor, while the MOS field effect tran- 105 
sister uses an oxide layer as an insulating 
film.) 

The short-circuiting between different MIS 
field effect transistors, if any, occurs either 
through a Jayer of induced charges (called a 110 
channel) which exists in the surface of a semi- 
conductor substrate and is of the same con- 
duction type as that of the source of drain 
region, or through a parasitic MIS field effect 
transistor which may be formed between the 115 
planned circuit elements with metal wirings 
between the elements as gate electrodes. In 
accomplishing isolation between the circuit 
elements, therefore, it is necessary to pro- 
vide the threshold voltage V T of the parasitic 120 
MIS field effect transistor about three times 
as high as that of the circuit elements in 
order to prevent the channel from being 
developed in the surface of the substrate and 
to prevent the operative parasitic MIS field 125 
effect transistor due to the wirings on the in- 
sulating film. (The threshold voltage V T here 
means a gate voltage required for the channel 
to be developed.) 
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The conventional methods of manufactur- 
ing semiconductor devices employ a measure 
to assure isolation, in which the isolating 
spaces between elements are covered with a 
5 thick Si0 2 film if P -channel MIS field effect 
transistors are involved, so that the fact that 
the SiO- film induces electrons is utilized to 
prevent the source and drain regions of dif- 
ferent MIS field effect transistors from being 

10 short-circuited with each other and at the 
same time the Si0 2 film is made thick 
enough to develop a high threshold voltage 
V T of the intermediate isolating portion be- 
tween the elements and therefore to prevent 

IS parasitic MIS field effect transistors from 
being formed. 

The above-mentioned Si0 2 film is not 
effectively used for the purpose of isolation 
of N-chfjmel MIS field effect transistors be- 

20 cause the SiO* film induces electrons in the 
surface of the semiconductor substrate. A well- 
known method of isolation of the N-channel 
MIS field effect transistors consists in raising 
the nominal value of the threshold voltage 

25 V T by applying a negative voltage to the semi- 
conductor substrate. Although the above- 
mentioned method which uses only an SiO;. 
film as an insulating material is easy to carry 
out, a separate power supply to apply a volt- 

30 age to the substrate is needed. In addition, 
the application is limited to only one type 
of MIS field effect transistors on the sub- 
strate, and therefore the versatility of the cir- 
cuit is restricted. For this reason, the N- 

35 channel MIS field effect transistor has not 
yet reached the stage of commercial appli- 
cation in spite of its switching speed being 
about 3 to 4 times as high as that of the 
P-channel MIS field effect transistor. 

40 This embodiment discloses a method of iso- 
lation which utilizes the fact that positive 
holes are induced in the surface of the semi- 
conductor when a well-known insulating film 
is deposited on it after treating the surface 

45 with an alkali solution, and the resultant layer 
of positive holes is used for isolation between 
the N-channel MIS field effect transistors. 

Embodiment 9 

Figs. IS to 24 are diagrams for explaining 

50 the processes of manufacture of the N-channel 
MIS field effect transistors utilizing an SiO- 
film and a phosphosilicate glass film as a 
gate insulating film and an isolation insulat- 
ing film. The reference numeral 50 shows a 

55 P-type silicon substrate with the resistivity 
of 10 Vlzm having an SiO» film 51 as thick 
as about 5000A formed on the surface there- 
of by heating it at a high temperature in 
water vapcr. Apertures 52 are created by 

60 photo etching at predetermined portions of 
the SiO- film 51. A phosphosilicate glass film 
53 is deposited at least in the apertures 52 
to form the source and drain regions of each 
field effect transistor. Then the substrate 50 



is heat-treated for about 60 minutes at 1000° 65 
C whereby phosphorus in the phosphosilicate 
glass film in contact with the substrate sur- 
face is thermally diffused into the substrate 
thereby to form N + diffusion layers 54 which 
function as source and drain regions of each 70 
field effect transistor. After forming the source 
and drain regions in the substrate surface, 
the Si0 2 film 51 and the phosphosilicate 
glass film 53 are removed from it thereby 
to expose the surface 55. The substrate is 75 
immersed for 10 rnirrutes in an ammonia 
solution maintained at 80° G and compris- 
ing NH 4 OH, H 3 0 2 and H = 0 in the ratio of 
1 to 1 to 8. After drying it, an SiO- film 
56 with the thickness of 5000 A is deposited 80 
on its surface by the CVE> method in which 
an element or compound is transformed from 
vapor phase to a solid state and forms a layer 
by a vapor-phase chemical reaction. For fur- 
ther detail of the method, please see pp. 532 85 
to 538, Trans AIME Vol. 242 (1968). 

After fanning the Si0 2 film of the desired 
thickness, a recess 57 is formed in the SiO- 
film 56 by photoetctung in order to reduce 
the thickness of the portion of the SiO- fihn 90 
above die gate region of each FET to about 
500A. A phosphosilicate glass film 58 as 
thick as 500A is deposited from above the 
SiOo film by the CVD method. Apertures 
for providing electrodes in the source and 95 
drain regions of each FET are created by 
photcetching in the double layer of the Si0 2 
film and phosphosilicate glass film. Aluminum 
of the thickness about 800A is deposited and 
these portions of alum inum not forming the 100 
electrodes of each FET are removed by photo- 
etching, thereby forming source electrodes 59, 
drain electrodes 60 and gate electrodes 61. 

The N-channel MIS field effect transistor 
formed through the above-mentioned processes 105 
is shown in Fig. 24. In this figure, both of 
the- first N-channel MIS field effect tran- 
sistor 62 and the second N-channel MIS 
field effect transistor 63 formed in the sur- 
face of the P-type silicon substrate are of 110 
the enhancement mode with each FET suffi- 
ciently isolated. Since portions for isolation 
between the FETs are thicker than the in- 
sulating films is the gate regions, the capa- 
citance between the substrate and the wirings 115 
above the insulating film is smaller and the 
threshold voltage V T of the parasitic MOS 
FET higher. 

These manufacturing processes make it 
very easy to provide isolation, which has so 120 
far been difficult, between the N-channel 
enhancement type MOS field effect tran- 
sistors formed in the surface of the P-type 
silicon substrate with an insulating film of 
SiO,. - 125 

Embodiment 10 

Figs. 25 to 32 show processes of manu- 
facturing N-channel enhancement type MIS 
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field effect transistors employing an isolation 
film of MA*. 

An SiOt film 71 of the thickness 5000a 
is formed by the high-temperature oxidization 
5 method on the surface of the P-type silicon 
substrate 70 with the resistivity 10 Ocm and 
with the principal plane of (100). Apertures 

72 ate created by photoetching in the SiO a 
film 71 thereby to expose the portions of 

10 the substrate surface where source and drain 
regions are to be formed. N + diffusion layers 

73 are formed in the exposed surface of the 
substrate by the diffusion of N-type impuri- 
ties such as phosphorus, the N + diffusion layers 

15 73 constituting the source and drain regions 
of each FET, 

The Si0 2 film 71 on the surface of the 
silicon substrate is etched off completely to 
expose the surface 74. The substrate is im- 

20 mersed for about 10 minutes in an 80° C. 
solution consisting of NH 4 OH, H 2 O s and 
H 2 0 in the ratio of 1 to 1 to 8. After drying 
the substrate, its surface is deposited with 
an SiO- film 75 of the thickness 500iA and 

25 an Al-6 3 film 76 of the thickness 5000A 
successively by the CVD method. Thermal 
decomposition of monosilane is used to form 
the Si0 2 film 75, while, to form the A1 2 0 3 
film 76, the substrate is heated for 90 minutes 

30 at 400° C, in a gas mixture of, for example, 
trimemyl-alurmhum and oxygen. 

After forming the Al 2 O a film 76, the pre- 
determined portions 77 of the film are etched 
off with a solution of phosphoric acid. The 

35 phosphoric acid solution acts on the A1 2 0 3 
film but not on the Si0 2 film which is left 
unremovedL After that, a F t O s . Si0 2 film 78 
as thick as 5 OO A is formed by the CVD 
method on the A1 2 0 3 and Si0 2 films. Aper- 

40 tores for taking out source and drain elec- 
trodes of each FET are created by photo- 
etching in the insulating film formed as above, 
and Al electrodes 79 and 81 as thick as 
8000A are formed by depositing aluminium. 

45 Numerals 79, 80 and SI respectively show 
the source, drain and gate electrodes. 

As the result of the above-described manu- 
facturing processes, a semiconductor device is 
obtained in which there are formed in the 

50 surface of a P-type silicon substrate two N- 
channel enhancement type MIS field effect 
transistors isolated from each other. In this 
device, the threshold voltages V x of the FET's 
and the portions for isolation between die 

55 FET's are 0.5 V and 4 V respectively. 
The results of our measurement of vari- 
ation in the threshold voltage V T with the 
specimen heated to about 250° G. and an 
electric field of 10 G V/cm applied to its in- 

60 sulating film show that the value | AV T | is 
0.2 V or less. This indicates the very stable 
electrical characteristics of the specimen-. 

The portions which provide isolation in 
the conventional methods consist of only an 

65 A1 : 0 3 film which is very unstable and un- 



reliable with its | AV T I more than 5 V. By 
treating the substrate surface with an alkali 
mixture as described, high stability and re- 
liability of the electrical characteristics are 
obtained. 70 

The isolation provided according to this 
embodiment makes use of an insulating layer 
and therefore the concentration of positive 
holes induced in the semiconductor surface is 
elevated by the double action of an alkali 75 
solution and the A1 S 0 3 film, thus resulting 
in a greater isolating ability than in Embodi- 
ment 1. 

Embodiment 11 

Diagrams of Figs. 33 to 40 show processes 80 
of manufacturing semiconductor devices em- 
ploying alkali solutions of different concen- 
trations for the gate region and the portions 
providing isolation. 

An Si0 2 film 91 as thick as 500QA is 85 
formed on the surface of a P-type silicon sub- 
strate 90 either by the CVD method or by 
sputtering. Apertures 92 are created in the 
predetermined portions of the SiOo film by 
photoetching. After depositing a phospho- 90 
silicate glass film about 3000a thick on the 
silicon substrate by the CVD method, the 
substrate is heated at 1000° C for an hour 
thereby to form N + diffusion layers 93 which 
act as the source and drain regions of each 95 
FET. The distance (channel width) between 
the source and drain regions is about 10 p. 

After forming the N + diffusion layers, the 
SiO a film covering the gate regions is re- 
moved to expose the gate regions 94. The 100 
specimen is immersed for about 10 minutes 
in an 80° C. alkali solution comprising 
NH^OH, H 2 O r and H s O in the ratio of 
1 to 1 to 8, and after it is dried, an Si0 2 
film 95 as thick as 500a is deposited on its 105 
surface by the CVD method. Then the por- 
tions of the Si0 2 film other than those above 
the gate regions are removed to expose the 
whole substrate surface. An SiO a film 98 
500A thick, a P 2 0 5 . Si0 2 film 99 50QA 110 
thick and an Si0 2 film 100 5 000 A thick are 
deposited in that order on the surface of the 
silicon substrate by the CVD method. The 
portions of the SiD 2 film 100 covering the 
gate regions of the FETs are selectively re- 115 
moved by photoetching. In order to form the 
FET's, apertures are created at predetermined 
portions of the insulating films 98 and 99 
and electrodes of aluminium 800GA thick 
are deposited in them. The source electrode 120 
102, the drain dectrode 103 and the gate 
electrode 104 thus formed are shown in 
Fig. 40. 

This embodiment providest a method by 
which not only N-chaonei enhancement type 125 
MIS field effect transistors are capable of 
being formed in the surface of a P-type silicon 
substrate but isolation is provided between 
the FET's. Further, since the portions pro- 
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viding isolation between the FETs are treated 
with a high-concentration alkali solution, posi- 
tive holes are induced in die isolating por- 
tions in a higher concentration than in the 
5 surface of the gate regions of the FET's, re- 
sulting in a high isolating ability. 

The electrical characteristics of the device 
as shown in Fig. 40 are almost the same 
as those of the embodiment 10. 

10 Embodiment 12 

Figs. 41 to 45 illustrate an embodiment 
using an A1 = 0 3 . Si0 2 film as an insulating 
film for isolation. 

N + diffusion layers 111 are formed in the 

15 surface of a P-type silicon substrate in the 
same manner as in embodiment 11. The sur- 
face of the siHcon substrate is treated for 
about 10 minutes with an 80° C. alkali solu- 
tion consisting of NH 4 OH, H 2 0 2 and H 2 0 

20 in the ratio of 1 to 1 to 8, and after being 
dried, an aluminum silicate glass film 112 
5000a. thick is deposited on it by the CVD 
method. In forming the aluminum silicate 
glass film by the CVD method, the silicon 

25 substrate is heated to about 1000° C in a 
gas mixture of, for example, trimethyl- 
alumimum and monosilane. The concentration 
of positive holes induced in the surface of the 
silicon substrate is controlled by varying the 

30 amount of Al = (\ in the aluminum silicate 
glass film. Fig. 46 shows the relationship be- 
tween the amount of A1 2 0^ in the aluminum 
silicate glass film deposited on die surface of 
the silicon substrate and the amount of 

35 charges induced in the substrate surface. It 
is understood from the graph that the concen- 
tration of positives holes induced in the sub- 
strate surface becomes higher as the amount 
of A1 2 0 3 in the aluminum silicate glass film 

40 is increased. 

The amount of A1 2 0 3 in the aluminum 
silicate glass film is easily controlled by 
regulating the relative amount of trim ethyl- 
aluminium vapor with respect to the mono- 

45 silane vapor in forming aluminum silicate 
glass film by the CVD method. 

After the aluminum silicate glass film 112 
containing the desired amount of AL0 3 is 
deposited to the thickness of about 5000 Jl, 

50 the aluminum silicate glass film 112 is selec- 
tively photoetched thereby to form apertures 
113, exposing the gate regions of the FET's. 
An SiC> 2 film 114 as thick as 500a and a 
phosphosilicate glass film 115 are formed suc- 

55 cessively on the substrate surface by the CVD 
method. Apertures for electrodes are created 
and aluminium 80OOA thick is deposited in 
them thereby to form the electrodes 116 and 
118 of FET's, The reference numerals 116, 

60 117 and 118 in Fig. 29 show source, drain 
and gate electrodes respectively. Through 
these processes, N-channel enhancement 
FET's are formed in the surface of the P- 
type silicon substrate, while at the same time 



sufficiently isolating the FET's from each 65 
other. 

The insulating film used for isolation in 
this embodiment is thicker than 500QA and 
therefore smaller in capacitance. 

Although the temperature of the alkali 70 
solution is set at 80° C and the period for 
treatment with it at 10 minutes in this 
cmbodirncnt, the effects of the present in- 
vention are also achieved with other com- 
binations of quantities. According to our 75 
laboratory tests, the effect of the treatment 
with the alkali solution, begins to be produced 
in 2 or 3 minnwg but is soon saturated, and 
therefore almost the same effect is obtained 
no matter how long the specimen is treated 80 
with it, 5, 10 or 30 minutes. It is only for 
the reason of safety that the specimen is 
treated in the alkali solution for 10 minutes. 
As to the temperature of the alkali solution, 
ft has been empirically confirmed that the 85 
alkali solution is highly effective within the 
range of temperatures from 60° C to 100° CL 
Even under 60°C., the treatment with the 
alkali solution has some effect. 

The field effect transistors formed in the 90 
surface of a semiconductor substrate accord- 
ing to this embodiment are all of the N- 
channel enhancement type. This embodiment 
is in no way limited to such FET's 
but it is possible to pardy form 95 
depletion type FETs. In such a 
case, care is taken to protect the gate 
regions of the FETs with an SiO = film or 
the like when the substrate surface is treated 
with an alkali solution. 100 

A similar effect is obtained if, instead of 
the aluminum silicate glass film used in the 
embodiment 12, a zinc silicate Jass film is 
employed while varying the doped quantity 
of Zn in the zinc silicate glass film which is 105 
formed by the CVD method. 

It will be understood from the foregoing 
detailed description of the embodiment that 

(1) The surface treatments utilising an 
alkali solution extremely reduce the channel 110 
layer due to electrons which are always in- 
duced by an Si0 2 film in the conventional 
methods, or, if necessary, the treatments are 
capable of converting the channel from N 

to P type. 115 

(2) The density of surface charges in the 
channel can be controlled as desired. This 
is quite impossible to achieve in the well- 
known methods of surface treatment of semi- 
conductors. 120 

(3) The possibility of forming a P channel 
as mentioned above means that it is easy 
to produce in the surface of a semiconductor 
device P-channd depletion type field effect 
transistors which it has so far been considered 125 
to manufacture. In addition, PNP-type planar 
transistors can be manufactured more easily. 

In an ordinary PNP planar transistor with 
its P-type collector surface usually consist- 
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ing of a high-resistance silicon and covered 
with a protective film of SiOj, the silicon 
surface is generally converted into the N con- 
duction type, so that it is assimilated with 

5 the base layer of N conduction type with 
the result that the base area is extremely 
enlarged, thereby increasing a reverse current 
and capacitance for deteriorated character- 
istics. A conventional method for preventing 

10 this consists in forming a ring-shaped re- 
type diffused layer around the base layer so 
as to cur off the N channel by means of 
the high-concentration P type layer. Even 
with this method, however, the N channel 

15 develops inevitably inside of the ring-shaped 
P^-type layer. Also, this method has the dis- 
advantage that another process has to be 
added for the diffusion of the P + -type layer. 
By contrast, if an appropriate way of the 

20 surface treatment is selected, no N channel 
is induced by the SiO a film and therefore 
elements with as good characteristics as those 
of an NPN type planar transistor are obtained. 
Further, since the diffusion mask of SiO a 

25 which is used to form a junction is tempor- 
arily removed, noises can be reduced even 
more by doing the treatment in accordance 
with the present invention simply after etch- 
ing off an impurity layer which develops on 

30 the Si side in the boundary between the Si0 2 
film and the silicon substrate. 

(4) Isolation between N-channel MIS 
field effect transistors which has hitherto been 
difficult can be easily performed in a method 

35 in which positive holes for isolation are easily 
created by means of treatment with an alkali 
solution. Therefore, the present invention is 
expected to greatly improve the work effi- 
ciency in the factory. 

40 (5) The threshold voltage V T of the por- 
tions providing isolation is easily controlled 
and the productivity is high, because, in this 
invention, the threshold voltage is controlled 
either by varying the concentration of the 

45 alkali solution or by a combination of the 
concentration of the alkali solution and the 
film deposited on the substrate surface. 

(6) By treating the gate regions and the 
isolating portions between elements with the 

50 alkali solution, N-channel enhancement MIS 
field effect transistors can be formed simul- 
taneously with the isolating portions. 

(7) Unlike the conventional methods, iso- 
lation can be provided in MIS integrated 

55 circuits and MIS LSI's which use protective 
films of SiOss or phosphosilicatse glass. 

(8) Acceleration tests by applying an elec- 
tric field of 10 6 V/cm at 250° C show that 
the elements treated with the alkali solution; 

60 are relatively stable in comparison with those 
not so treated. 

WHAT WE CLAIM IS: — 
1. A method of manufacturing semicon- 
ductor devices with an insulating film on 



the surface of a semiconductor substrate, 65 
wherein the surface of the semiconductor sub- 
strate is treated with an alkali solution im- 
mediately before depositing the insulating 
film on the surface of the semiconductor sub- 
strate in order to control the surface charge 70 
on the semiconductor substrate. 

2. A method according to claim 1, in 
which the alkali solution comprises hydrazine, 
trunethylammonium hydroxide, NH 4 OH, 
NaOH or KOH. 75 

3. A method according to claim 1 or 2, 
in which the surface of the semiconductor 
substrate is treated with the alkali solution 
for three minutes or more. 

4. A method according to any one of 80 
claims 1 to 3, in which the insulating film 
deposited on the surface of the semiconductor 
substrate comprises P 2 0 5 . Si0 2 , FbO . Si0 2 , 
B 2 Qa . Si0 2 , Al 2 0b, A1 2 0& . Si0 2 , Zn0 2 . SiO a 

or TiO a , 85 

5. A method according to any one of 
claims 1 to 4, in which the alkali solution 
includes an oxidizing agent. 

6. A method according to claim 5, in 
which the oxidizing agent comprises hydrogen 90 
peroxide. 

7. A method of manufacturing insulated 
gate field effect transistors, comprising the 
steps of forming source and drain regions at 

a predetermined distance from each other of 95 
the insulated gate field effect transistors by 
adding to the surface of a semiconductor sub- 
strate impurities of a conduction type oppo- 
site to that of the substrate, exposing the 
portions of the surface of the semiconductor 100 
substrate between the source and drain 
regions to an alkali solution, and depositing 
a gate insulating film on the portions of the 
surface of the semiconductor substrate between 
the source and drain regions, the amount of 105 
charges induced in the portion of the sur- 
face of the semiconductor substrate directly 
under the gate insulating film being reduced 
to a predetennined level by the exposure to 
the solution, 110 

8. A method of manufacturing insulated 
gate field effect transistors according to claim 

7, in which the semiconductor substrate is 
heated in an inert atmosphere after deposit- 
ing the gate insulating film on the portions of 115 
the surface of the semiconductor substrate 
between the source and drain regions. 

9. A method of manufacturing insulated 
gate field effect transistors according to claim 

8, in which said semiconductor substrate is 120 
heated at a temperature between 800° C and 

the melting point of said semiconductor sub- 
strate. 

10. A method of manufacturing insulated 
gate field effect transistors according to claim 125 
7, 8 or 9, in which the alkali solution includes 

a predetermined amount of an oxidizing agent 
including hydrogen peroxide. 

11. A method of manufacturing insulated 
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gare field effect transistors according to any 
one of claims 7 to 10, in which the alkali 
solution comprises hydrazine, trimethyi- 
ammonium hydroxide, NH^OH, NaOH or 
5 KOH. 

12. A method of manufacturing semicon- 
ductor devices, comprising the steps of form- 
ing the source and drain regions of a first 
insulated gate field effect transistor in a main 

10 surface of a semiconductor substrate, forming 
the source and drain regions of a second in- 
sulated gate field effect transistor at a pre- 
determined distance from the first insulated 
gate field effect transistor, and forming first 

15 and second inqilating films respectively on 
the portions of the semiconductor substrate 
between the source and drain regions of the 
first and second insulated gate field effect 
transistors; the portion of the semiconductor 

20 substrate between the source and drain re- 
gions of the first insulated gate field effect 
transistor being treated with an alkali solu- 
tion immediately before depositing the first 
insulating film on the surface of the semi- 

25 conductor substrate. 

13. A method according to claim 12, in 
which the alkali solution comprises hydrazine, 
trimethylatnmonium hydroxide, NHjOH, 
NaOH or KOH. 

30 14. A method according to claim 12 or 
13, in which the alkali solution includes a 
predetermined amount of an oxidizing agent 
including H-0 2 . 

15. A method according to claim 12, 13 
35 or 14, in which the semiconductor substrate 

is heated at a temperature between 800° C. 
and the melting point of the semiconductor 
substrate after forming the first and second 
insulating films on the surface of the semi- 
40 conductor substrate. 

16. A method of manufacturing semicon- 
ductor devices, comprising the steps of form- 
ing the source and drain regions of first and 
second MIS field effect transistors respec- 

45 tively in a main surface of a semiconductor 
substrate, treating the portion of the surface 
of the semiconductor substrate between the 



first and second MIS field effect transistors 
with an alkali solution, and depositing an in- 
sulating film on the surface of the semi- 50 
conductor substrate. 

17. A method according to claim 16, in 
which the insulating film comprises SiO = , 
S^Nt, PaOs.SiOa, PbO.Si0 2 , B 2 0 3 .SiO*, 
A1 2 0 3 , AlsOa . Si0 2 , Zn0 2 . SiO a or Ti0 2 . 55 

18. A method of manufacturing semicon- 
ductor devices according to claim 16 or 17, 
in which the portion of the surface of the 
semiconductor substrate between the first and 
second MIS field effect transistors is treated 60 
with a first alkali solution, while one or both 

of the gate regions of the first and second 
MIS field effect transistors is treated with 
a second alkali solution of a lower concen- 
tration of alkali than that of the first sohi- 65 
tiorL 

19. A method of manufacturing semicon- 
ductor devices, comprising the steps of form- 
ing the source and drain regions of an N + 
conduction type of first and second MIS field 70 
effect transistors by selectively introducing N- 
typc impurities into the surface of a silicon 
substrate of P conduction type, treating the 
surface of the substrate with an alkali solu- 
tion, forming an A1 2 0 3 film on the portion 75 
of the surface of the silicon substrate between 
the first and second MIS field effect tran- 
sistors, and forming an SiO s film on the gate 
regions of the field effect transistors. 

20. A method of manufacturing semtcon- 80 
ductor devices substantially as hereinbefore 
described with reference to Figures 4 to 9, 
Figures 12 to 17, Kgures 18 to 24, Figures 

25 to 32, Figures 33 to 40 or Figures 41 to 
45. 85 

21. Semiconductor devices manufactured 
by the method of any one of the preceding 
claims. 

J. A- KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, 
London WC1R 5EU. 
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